Although dough with WWF often results in lower quality bread, previous studies suggested that this could be improved by the addition of suitable enzymes. This study investigated the effects of WWF substitution and enzyme treatments using α-amylase (AM) and hemicellulase (HC) on bread making qualities. Results showed that the addition of WWF produced dough with low gas retention of dough (GRD) and specific loaf volume (SLV). However, AM and HC drastically improved both GRD and SLV of WWF-substituted dough and bread by degrading damaged starch and hemicellulose. Thus, these results indicated that the treatments with suitable enzymes could drastically improve the bread making qualities of dough made with WWF.
Introduction
Japan, Tokyo, Japan), 20 mg of ascorbic acid (Wako Pure Chemical Industries, Ltd., Osaka, Japan), and a suitable amount of water, as reported by Yamauchi et al. (2001) . The optimal water absorption of each test was determined using a Farinograph at 500 BU according to the method used by the AACC (1991).
For the WWF-substituted bread making treatments, 40% of the original white wheat flour content of the control was replaced with WWF, which, as described below, was determined as the maximum concentration at which the bread making qualities could be improved with enzymes. The dough treated with AM and HC contained an optimum amount of 0.025% (0.05 g) and 0.05% (0.10 g), respectively. The dough was mixed with a pin mixer (NATIONAL COMPLETE 100-200 GRAM MIXER, MODEL 100-200A; National Mfg. Co., Lincoln, NE, USA) to just beyond the peak development, as indicated by the electric power curve of the mixing motor. After mixing, the dough was divided into 100 g and 20 g portions, rounded, and incubated for 20 min (bench time)
at 30℃ and 75% relative humidity (RH) in a fermentation cabinet.
The dough samples (100 g) were molded and rolled using a molding machine with upper 7.9 mm and lower 4.7 mm clearance, respectively. The dough was panned and proofed for 70 min at 38℃ and 85% RH, and then baked at 180℃ for 25 min, as reported by Santiago et al. (2015a) . Meanwhile, the 20-g dough samples were used for the analysis of gassing power (GP) and gas retention of dough (GRD). The GP and GRD were measured using the doughs of the twice bread making tests Maximum WWF ratio and optimum amounts of AM and HC determination As a preliminary experiment, we determined the maximum amount of WWF substitution by evaluating the bread making qualities of dough with various amounts of WWF and optimal amounts of both enzymes. As a result, we found that the bread quality of dough substituted with more than 40% WWF was inferior compared with the control, even when the optimum amounts of both enzymes were added. Therefore, the amount of added WWF was set at 40%. We also determined the optimum amount of AM or HC to be added to the 40% WWF-substituted dough by evaluating SLV and dough handling properties. From these experiments, we found that adding an excess amount of AM or HC resulted in lower SLV and poor dough handling properties, such as extremely sticky dough. In the case of >0.15% AM addition, the dough showed rather sticky properties and bread SLV was lower than that of bread with 0.025% AM. Meanwhile, dough with >0.1% HC addition showed extremely sticky properties and SLV of the bread was slightly low compared to bread with 0.05%
HC.
Dough properties and bread evaluation GRD was evaluated by measuring the maximum expansion volume of 20 g dough proofed at 38℃ and 85% RH in a cylinder subjected to 0 to 75 cmHg, following the report of Yamauchi et al. (2000) . GP of 20 g of dough after bench time was measured at 30℃ for 1, 2, and 3 hrs using a Fermograph II (ATTO Co., Ltd., Tokyo, Japan).
The SLV of bread cooled at room temperature for 1 h after baking was measured by the rapeseed-displacement method according to the AACCI (2000) . Two loaves were made by a single bread making test, and the test in all conditions was also performed twice. The SLV of bread was measured using a total of four loaves.
Images of the bread and bread crumb were recorded using a digital camera (model EX-H15; Casio Computer Co., Ltd., Tokyo, Japan) and scanner (model GT-S640; Seiko Epson Co., Ltd., Nagano, Japan), respectively. Color of the bread crust and crumb were determined using a colorimeter (CR-400; Konica Minolta Sensing, Inc., Tokyo, Japan). The moisture content of the bread crumb was measured based on the AOAC official method (AOAC, 2000) .
Fiber and DS analysis Dough samples (100 g) after final proofing for 70 min at 38℃ and 85% RH were frozen at _ 30℃ for 30 min using a blast freezer and stored in a freezer at _ 20℃ until used for analysis of dough fiber and DS content.
The dough samples were lyophilized and ground prior to fiber analysis. Neutral detergent fiber (NDF), an estimate of the cellulose, hemicellulose and lignin content, and acid detergent fiber (ADF), which is equivalent to the amount of cellulose and lignin, were analyzed using AOAC official methods (AOAC, 2000) .
Subsequently, the crude hemicellulose content was estimated as the difference between NDF and ADF.
On the other hand, water soluble sugars were removed before DS analysis, by mixing 100 mg of the dough with 8 mL of distilled water in a vortex mixer for 1 min and centrifugation at 2200 g for 10 min at 20℃. Mixing and centrifugation were repeated twice, and the resulting precipitate was used for DS analysis using the Bread staling rate evaluation Texture properties of bread crumb during storage were analyzed using the method presented by Yamauchi et al. (2001) . Temporal changes in hardness of bread crumb during storage were evaluated using a rheometer (RHEONER RE2-33005C; Yamaden Co., Ltd., Tokyo, Japan).
Loaves cooled for 1 h at room temperature after baking were packed into polyethylene bags and stored at 20℃ and 70% RH.
The hardness of breads was measured using two loaves after storage for 1, 2 and 3 days. The two loaves were sliced at 2-cm thickness and three sample slices in the central portion, for a total of six samples, were used for measurements. The 3 cm × 3 cm square crumbs were cut from the center of each slice by using an ultrasonic cutter (USC-3305; Yamaden Co. Ltd.). The maximum stress as hardness was measured by compressing the crumbs from 2 cm thickness to 1 cm thickness at a 1-mm/sec compression rate using a special cube plunger (D: 6 cm × W: 6 cm × H: 2 cm) on a rheometer (RHEONER RE2-33005C; Yamaden Co., Ltd.).
Statistical analysis All data except for water absorption, SLV, color values of bread and hardness of bread were measured 6 times by using the samples prepared from the two bread making tests.
The SLV, color values of bread and hardness of bread were performed 4, 10 and 6 times, respectively. Significant differences in the data presented in Table 1 to Table 3 
Results
Bread making quality evaluation The bread making qualities of the control, WWF-supplemented, and enzyme-treated (AM and HC) and WWF-supplemented doughs are presented in Table 1 .
Results showed that the addition of WWF significantly lowered the GRD compared with the other treatments, whereas doughs with WWF+AM or WWF+HC had significantly higher GRD compared with the control. On the other hand, the dough supplemented with WWF+AM+HC showed significantly higher GRD than the other Abbreviations : GRD, gas retention of dough; GP, gassing power of dough; SLV, specific loaf volume; WWF, whole wheat flour; AM, α-amylase; HC, hemicellulase 1) Each value, except for water absorption is the mean ± SD. The values followed by different letters within column are significantly different ( p < 0.05).
2) Moisture content of crumb was meas ured with the samples stored 1 day after baking.
bread making treatments.
In WWF-supplemented doughs, GP showed a tendency to increase during dough fermentation, which varied among bread making treatments depending on the fermentation time. Initially, at 1-h fermentation, the GP of all WWF doughs were significantly higher than the control. At 2-h fermentation, the GP of the WWF and WWF+AM doughs were significantly higher than the control.
At 3-h fermentation, differences in GP between the doughs with WWF or WWF+AM and the other doughs increased, and WWF and WWF+AM showed significantly higher values among all samples. The WWF+HC dough had a higher value than the control and WWF+AM+HC doughs at 2-h fermentation. Therefore, the GP after 2 h of fermentation in the control and WWF+AM+HC doughs was lower than the other samples.
In terms of SLV, the WWF bread was significantly lower than the other breads. WWF+AM+HC bread had the highest SLV among the treatments, although the value was not significantly different compared to the WWF+AM bread.
There was no significant difference in terms of moisture content among all samples. Table 2 The bread appearance and crumb images are shown in Fig. 1 .
Evaluation of bread crust and crumb
Darker external color of bread was observed in the breads substituted with WWF compared to the control. Similarly, the crumbs of breads with WWF were darker in color than the control crumb. The WWF bread was smaller in appearance than the control, whereas the breads with WWF and enzyme treatments were either of the same size or larger than the control. These results correspond to those for SLV presented in Table 1 . Table 3 shows the fiber composition and DS content of doughs from different treatments.
Fiber and DS content of dough
Results showed that the NDF, ADF and crude hemicellulose (NDF-ADF) contents of doughs supplemented with WWF or WWF + Abbreviations : WWF, whole wheat flour; AM, α-amylase; HC, hemicellulase; L*, level of lightness or darkness ; a*, level of redness or greeness ; b*, level of yellowness or blueness 1) Each value is the mean ± SD. The values followed by different letters within column are significantly different ( p <0.05).
control bread showed a high DS content, 3.54%, and rather high values of GRD and SLV. The main reason seemed to be related to the very low value of TDF, especially hemicellulose, in the control dough compared to those of the other WWF-substituted doughs. Goesaert et al. (2009) and Jiang et al. (2005) reported that the hydrolytic activity of AM and HC added to bread dough caused an increase in mono-sugars, mainly produced from DS and pentosan, which consequently resulted in elevated yeast fermentation and significant improvements of GP in the early fermentation stage.
However, from the results shown in Table 1 , large increases in GP were observed with WWF addition compared to samples with added enzymes. This may be related to the high concentration of various nutrients in WWF that promote fermentation by yeast. The darker bread crumb color with added WWF can be attributed to the natural dark brown color of wheat bran. Similarly, the brown color of WWF influences the color of the crumb of WWF-supplemented bread to brown, thus, resulting in the decrease in L* value and increase in redness and yellowness, as shown in Table 2 .
Bread color and appearance
Fiber and DS contents of dough The fiber and DS contents of dough after proofing are shown in Table 3 . The WWF-supplemented dough has a higher percentage of fiber (NDF and ADF), because WWF is high in dietary fiber. Generally, excess fiber causes an inhibition of optimal gluten formation, resulting in decreased SLV and GRD. On the other hand, the enzyme-treated doughs showed lower fiber content compared with the WWF-supplemented dough.
The WWF+HC dough had the lowest fiber content, attributable to the xylanase activity of HC, which catalyzes the hydrolysis of hemicelluloses such as xylan and arabinoxylan to xylobiose, xylose, etc. This activity may have resulted in the low contents of NDF and crude hemicellulose (NDF-ADF) of WWF+HC and WWF+AM+HC doughs (Stojceska and Ainsworth, 2008; Jiang et al., 2005) .
The DS content of the dough without added AM can be basically associated with the amount of DS contained in the wheat flour after milling. Excess amounts of DS cause undesirable effects on bread making qualities. The control and WWF doughs showed
higher DS values compared with the enzyme treated doughs.
WWF+AM and WWF+AM+HC had significantly lower DS than the other treatments, which can be related to the effects of AM activity. Ultimately, these decreases in the contents of DS and fiber (mainly insoluble hemicellulose (pentosan)) improved the GP, GRD and SLV of the bread treated with AM and HC. et al., 2001; Palacios et al., 2004; Goesaert et al., 2009 
Hardness of bread

